Background Postoperative pillar pain (deep-seated wrist pain worsened by leaning on the heel of the hand) sometimes occurs after carpal tunnel release (CTR), leading to weakness in the hand and delayed return to work. Increased pain sensitivity has been found to be associated with worse symptoms and poorer treatment response in a number of chronic musculoskeletal conditions, but few studies have investigated the association of pain sensitization with pillar pain after CTR. Questions/purposes (1) Is preoperative pain sensitization in patients with carpal tunnel syndrome (CTS) associated with increased severity of pillar pain after open CTR? (2) What other demographic, electrophysiological, or preoperative clinical characteristics are associated with pillar pain after CTR? Methods Over a 35-month period, one surgeon performed 162 open carpal tunnel releases. Patients were eligible if they had sufficient cognitive and language function to provide informed consent and completed a self-reported questionnaire; they were not eligible if they had nerve entrapment other than CTR or if the surgery was covered by workers compensation insurance. Based on these criteria, 148 (91%) were approached for this study. Of those, 17 (9%) were lost to followup before 12 months, leaving 131 for analysis. Their mean age was 54 years (range, 32-78 years), and 81% (106 of 131) were women; 34% (45 of 131) had less than a high school education. We preoperatively measured pain sensitization by assessing the patients' pressure pain thresholds by stimulating pressureinduced pain in the pain-free volar forearm and administering a self-reported Pain Sensitivity Questionnaire minor subscale, an instrument that assesses pain intensity in daily life situations. We evaluated postoperative pillar pain using the " straight) with an 11-point ordinal scale at 3, 6, and 12 months after their surgical procedures. We conducted bivariate and multivariable analyses to determine whether the patients' clinical, demographic, and pain sensitization factors were associated with their postoperative pillar pain severity after CTR.
straight) with an 11-point ordinal scale at 3, 6, and 12 months after their surgical procedures. We conducted bivariate and multivariable analyses to determine whether the patients' clinical, demographic, and pain sensitization factors were associated with their postoperative pillar pain severity after CTR.
Results After controlling for relevant confounding variables such as age, education level, and functional states, we found that increased pillar pain severity was associated with the pressure pain threshold (b = -1.02 [-1.43 . At 3 months, pressure pain threshold, Pain Sensitivity Questionnaire minor, and gender (women) collectively accounted for 37% of the variance in pillar pain severity; at 6 months, Pain Sensitivity Questionnaire minor and gender (women) accounted for 21% of the variance, but no relationship between those factors and pillar pain was observed at 12 months. Conclusions Gender (women) and preoperative pain sensitization measured by pressure pain threshold and self-reported Pain Sensitivity Questionnaire were associated with pillar pain severity up to 3 and 6 months after CTR, respectively. However, the influence of pain sensitization on pillar pain was diminished at 6 months and it did not show persistent effects beyond 12 months. Pain sensitization seems to be more important in the context of recovery from surgical intervention (in the presence of a pain condition) than in healthy states, and clinicians should understand the role of pain sensitization in the postoperative management of CTS. Future research may be needed to determine if therapeutic interventions to reduce sensitization will decrease the risk of pillar pain. Level of Evidence Level III, prognostic study.
Introduction
Carpal tunnel release (CTR) is believed to be the definitive treatment for carpal tunnel syndrome (CTS), but postoperative problems including pillar pain, defined as deep aching or pain over the thenar or hypothenar regions or both, and persistent hand weakness contribute to patient dissatisfaction and time lost from work [6] . Although pillar pain is a common long-term complication of CTR, occurring in 6% to 36% of patients who undergo the procedure, its cause is not fully understood [6, 19] . Some investigators have attributed it to changes in tension of the transverse carpal ligament [7] , injury to the palmar cutaneous branch of the median nerve [4, 31] , inflammation of subcutaneous tissue [7] , or surgical technique [2] , but evidence in support of these relationships is weak and inconsistent.
Although there are possible associations between hypersensitivity to painful stimuli and pillar pain after surgical intervention, no studies of which we are aware have investigated the association of pain sensitization on pillar pain after CTR. Peripheral pain sensitization refers to increased responsiveness of peripheral nociceptors, whereby painful inflammatory mediators and neuropeptides sensitize the nociceptors that are local to the painful area, lowering their threshold for activation and leading to local enhanced pain sensitivity [20] . In musculoskeletal conditions affecting the extremities, discrepancies have been reported between the peripheral structural pathology and the severity of self-reported pain [20] . Increased pain sensitivity is associated with more clinical symptoms and poorer treatment response in a number of chronic musculoskeletal conditions including shoulder pain [30] , lateral epicondylitis [10] , and other tendinopathies [22] . Widespread pressure hypersensitivity is observed in patients with CTS, and generalized decreases in pressure pain thresholds associated with pain intensity and duration of symptoms support a role for the peripheral drive to initiate and maintain central sensitization [11, 12] . Clarifying the role of sensitization in predicting pillar pain after CTR can help clinicians understand the extent to which a therapeutic approach aimed at reducing sensitization may be needed in the postoperative management of CTS.
Therefore, we asked: (1) Is preoperative pain sensitization in patients with CTS associated with increased severity of pillar pain after open CTR? (2) What other demographic, electrophysiological, or preoperative clinical characteristics are associated with pillar pain after CTR?
Patients and Methods
This study was approved by our institutional review board. Between March 2013 and January 2016, we prospectively enrolled 162 patients who underwent unilateral open carpal tunnel releases at an urban tertiary referral hospital in South Korea. Patients were eligible if their diagnoses of CTS were based on clinical symptoms and physical examinations of CTS with confirmation by nerve conduction studies and if they undertook unilateral CTR and had sufficient cognitive and language function to provide informed consent and completed a self-reported questionnaire. History and symptoms included paresthesia and/or pain in at least two of the median nerveinnervated fingers, and other symptoms included weakness and loss of dexterity of the hand. We conducted physical Volume 476, Number 4 Pain Sensitization and Pillar Pain After CTRexaminations for sensory loss, decreased thenar muscle strength, Tinel's sign, and Phalen's test to reinforce the diagnosis. Patients were not eligible if they had previous carpal tunnel surgery in the same hand (or in the opposite hand within 1 year), moderate to severe osteoarthritis pain (defined as numeric rating scale of $ 4) in the upper extremities, a history of psychiatric disorders, peripheral vascular disease, polyneuropathy, cervical radiculopathy, focal nerve entrapment other than CTS, pregnancy, hypothyroidism, rheumatoid arthritis, or if the surgery was covered by workers compensation insurance; based on these criteria, we approached 148 (91%) patients for study. Of those, 17 (9%) were lost to followup before 12 months, leaving 131 for analysis (Table 1 ). We performed electrophysiological studies before surgery using the classification by Bland [5] , which comprises seven grades (0 = normal; 6 = extremely severe) based on conduction time and amplitude. We subcategorized Grades 0 and 1 as mild, Grades 2 and 3 as moderate, and Grade > 3 as severe. In cases of bilateral involvement, we chose the electrophysiological grade of the operated side hand for comparative analysis. The following data were collected using paper questionnaires: age, gender, educational level (highest level of educational attainment), and symptom duration. The patients' mean age was 54 years (range, 32-78 years), and 81% (106 of 131) were women; 34% (45 of 131) had less than a high school education. The average duration of symptoms before surgery was 30 months. We preoperatively measured pain sensitization by assessing pressure pain thresholds [20, 22] and administering a Pain Sensitivity Questionnaire [15, 28] . The pressure pain threshold is defined as the cutoff point when a sense of pressure changes to pain [33] , and we performed this test to document deep tissue hyperalgesia [32] . We assessed pressure pain thresholds in the midvolar forearms using a digital algometer (Somedic, Hörby, Sweden) that consisted of a 1-cm 2 rubber-tipped plunger mounted on a force transducer. We applied the pressure at a rate of 30 kPa/second and instructed the participants to press a switch when the sensation changed from pressure to pain. Pressure algometry was repeated three times, and between each reading, we altered the position of the algometer on the skin very slightly to avoid sensitizing the test area. The primary exposure was an average of the three pressure pain threshold values. The reliability of pressure algometry has been found to be high (intraclass correlation coefficient, 0.91; 95% confidence interval, 0.82-0.97) [9] .
The self-reported Pain Sensitivity Questionnaire is a reliable and valid assessment system for evaluation of pain sensitivity in both healthy patients and those with chronic pain [28] , and no notable ceiling or floor effects have been observed [15] ; it comprises 17 items, each describing a daily life situation and asking the subjects to rate how painful this situation would be for individuals on an 11-point numeric rating scale ranging from 0 (not painful at all) to 10 (worst pain imaginable) [27] . Fourteen of 17 items are simulated situations that a majority of healthy subjects rate as painful, and the painful items cover a range of pain intensities; a variety of different types of pain such as hot, cold, sharp, and blunt; and body sites including the head and upper and lower extremities. Conversely, the remaining three items describe situations that healthy subjects do not normally rate as painful (These items were not included in the final score.) [27] . Two Pain Sensitivity Questionnaire subscores, the Pain Sensitivity Questionnaire moderate and Pain Sensitivity Questionnaire minor scores, each included seven items that patients rated on average as moderately painful (mean rating 4-6 on the 11-point scale, Pain Sensitivity Questionnaire moderate) or as causing minor pain (mean rating < 4, Pain Sensitivity Questionnaire minor) [28] . The questionnaire has shown high correlation with experimental pain intensity perception but not with experimental pain thresholds [27] . In the present study, we used the Pain Sensitivity Questionnaire minor scores because in a prior study, these correlated more with the experimental pain sensitivity than did the Pain Sensitivity Questionnaire moderate [28] . One hand specialist (YHR) performed each CTR using the same technique. Surgery was recommended when clinical symptoms of tingling, pain, or weakness did not improve after at least 2 months of conservative treatment consisting of splinting and use of nonsteroidal antiinflammatory drugs and/or corticosteroid injections. Local anesthesia with intravenous sedation was administered before each operation. After a tourniquet was applied to the upper arm, the surgeon made a longitudinal incision along the thenar crease on the palm from 1 cm distal to the wrist crease toward the distal direction for 2 to 3 cm in line with the third web space. He incised and decompressed the transverse carpal ligament without neurolysis of the epineurium of the median nerve and closed the wound with a primary cutaneous suture. The patients wore a short-arm splint for the first 3 postoperative days, and all patients performed early active finger motion.
Patients returned for their functional assessments at 3 (range, 3-4), 6 (5-7), and 12 (12-14) months after their surgeries, and we assessed their symptoms and functional states prospectively using the Boston Carpal Tunnel Questionnaire (BCTQ) [17] . The self-administered, patient-based BCTQ has been shown to be reliable, valid, and responsive without notable ceiling of floor effects [29] . It consists of symptom severity and functional scales. The symptom severity scale comprises 11 items concerning symptom severity, frequency, and duration, and the functional status scale comprises eight questions to assess difficulty with eight daily tasks. Each question scores severity on a range from 1 (none) to 5 (most severe), and we calculated the means for all items. Higher scores indicate more severe symptoms or impairment.
We evaluated pillar pain using the "table test" [6] : having the patient lean on a table with their weight on their hands placed on the table's edge with elbows straight. While the patients had their hands and arm placed in this way, we asked "How would you rate the discomfort or pain you experienced in the thenar or hypothenar area?" We also gave the patients a schematic figure to facilitate their understanding of the terms "thenar" and "hypothenar." We scored the responses using an 11-point ordinal scale, where 10 indicated "the worst discomfort/pain I can imagine." Although the table test has not been validated, it seems to have adequate face validity for the purpose of this experiment, and ordinal scales are widely used for this purpose. Pain response (severity) is related to common human pain coping, and it can be a type of recovery trajectory [26] . Thus, reporting pillar pain on a continuum has been considered a better approach.
Statistical Analysis
A priori power analysis indicated that a sample consisting of 116 patients would provide 90% statistical power with an a of 0.05 for a medium effect size (F 2 = 0.15) for regression with five main predictors.
We calculated descriptive statistics to determine the patients' demographic and clinical characteristics, and we used the Kolmogorov-Smirnov test to identify the normality of variable distributions. For the potential independent variables for pillar pain, age, gender, body mass index, education level, affected side, electrophysiological grade, BCTQ, and pain sensitization measures were included in the bivariable analyses. A parametric t-test was performed to determine any differences between the two groups for normally distributed variables such as patient age, body mass index, and duration of symptoms, whereas nonparametric Mann-Whitney U tests were performed for nonnormally distributed variables such as BCTQ, pain pressure thresholds, and Pain Sensitivity Questionnaire scores. The Spearman correlation test was used to determine the relationships among the continuous variables, and the chi square or Fisher's exact test was used for the categorical variables. We selected bivariate variables that had p values < 0.05 in the bivariate analysis as candidates for the multivariate linear regression model to prevent model overfitting. Potential independent variables were tested for collinearity before analysis, and if correlations were found to be > 0.8, one of the pair was eliminated from the regression model. We considered statistical significance to be p < 0.05.
Results
After controlling for relevant confounding variables such as age, education level, and functional state, we found that increased pillar pain severity was associated with pressure pain threshold (b = -1. Age, education, hand dominance, body mass index, electrophysiological grade, symptom duration, and preoperative functional state were not associated with pillar pain severity after CTR through 12 months of followup. At 3 months, pressure pain threshold, Pain Sensitivity Questionnaire minor, and gender (women) collectively accounted for 37% of the variance in pillar pain severity; at 6 months, Pain Sensitivity Questionnaire minor and gender (women) accounted for 21% of the variance; but at 12 months, pillar pain Volume 476, Number 4
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Discussion
Although CTR remains the most frequently used surgical treatment for CTS, as many patients as one in five report postoperative pillar pain that causes grip and pinch weakness and delayed return to daily activities including work [6, 13, 19] . There has been no agreement on the causes of this condition. Therefore, we postulated that pain sensitization and other factors may be associated with postoperative pillar pain after CTR. There were several limitations to our study. First, the table test method of assessing pillar pain has not been validated, and there is no validated measurement for pillar pain. Although the table test has not been validated, it seems to have adequate face validity for purposes of this experiment because the stimulated task is representative of real-world experience, and ordinal scales are widely used for this purpose. Second, identifying sensitization clinically is challenging in the absence of a gold standard. However, the Pain Sensitivity Questionnaire is a reliable and valid assessment system for evaluation of pain sensitivity in both healthy patients and those with chronic pain [28] . In addition, quantitative sensory testing is frequently used, and the pressure pain threshold has been shown to be a reliable and sensitive measure of pain sensitization [34] ; measurements are quick and easy to perform in clinical settings. Third, a considerable amount of variance in pillar pain remained unexplained, and individually the effect of some of pain sensitization components was small. Therefore, statistically significant differences in outcome scores are not necessarily clinically important [21] and further analysis accounting for a minimal clinically important difference of an outcome instrument may be needed to determine whether significant associations (effects) are clinically important when making treatment decisions. Fourth, we did not address any psychologic factors such as catastrophizing or personal psychologic traits that can influence postoperative pain [21, 25] . However, we did exclude from the study patients with a history of psychologic disorders such as depression, psychosis, and somatization disorder. Furthermore, because many factors can influence pain sensitization and postoperative pain such as the presence of other chronic pain conditions, previous surgery, use of analgesics, and other personal aspects of an innate trait, we controlled for key confounding variables including demographic and socioeconomic factors. Finally, our subjects were limited to one ethnic population drawn from an urban area of South Korea and all surgeries were undertaken by a single hand specialist; therefore, their characteristics and the study results may not be generalizable to other populations.
Pain sensitivity measured by the Pain Sensitivity Questionnaire and pressure pain threshold was associated with postoperative pillar pain after CTR, but the association was present only early on after surgery, and it was not observed at 12 months. Pain sensitization seems to be more important in the context of recovery from a surgical intervention (in the presence of a pain condition) than in healthy states. A previous study demonstrated that preoperative pain intensity was one of the best predictors of severe postoperative pain (defined as numeric rating scale of $ 8) in the early postoperative period through pain sensitization (upregulation of receptor subsystems) [14] . Not only does sensitization reflect increased excitability in the neurons, but it also makes the neuron more sensitive to stimuli or sensory inputs [1] . Thus, chronic noxious afferent input from the area to be operated on can produce neuroplastic changes in the nerve tissue that become manifest as relatively hyperpathic in the early postoperative period [14, 37] . Some investigators have examined experimental pain responses to mechanical stimuli in patients with musculoskeletal conditions and have observed enhanced mechanical or thermal sensitivity in the affected local region as well as in bilateral local and remote regions [10, 23] . We also found the Pain Sensitivity Questionnaire score was associated with postoperative pillar pain up to 6 months after CTR, and this result corroborates a previous assumption that the Pain Sensitivity Questionnaire is associated with postoperative pain severity [27] . We found that women were at risk for greater pillar pain severity after CTR. This gender difference in postoperative pillar pain could in part be explained by higher physical vulnerability [35] or pain sensitivity [36] in women. However, the gender effect on musculoskeletal pain and disability remains controversial. Some have concluded that musculoskeletal pain and disability are more common [16, 24] and more severe in women [3] , whereas others have reported women recover faster and have greater improvement of function after arthroplasty than men [18] . A metaanalysis that investigated gender differences in response to mechanically induced pain supported these putative differences and showed that women exhibited a lower pain threshold [8] .
Postoperative pillar pain often causes hand weakness and delayed return to work after CTR. We demonstrated that gender (women) and preoperative pain sensitization measured by pressure pain threshold and self-reported Pain Sensitivity Questionnaire score were associated with pillar pain severity up to 3 and 6 months postoperatively, respectively. However, it did not show persistent effects beyond 12 months. Pain sensitization seems to be more important in the context of recovery from surgical intervention (in the presence of a pain condition) than in healthy states, and clinicians should understand the role of pain sensitization in the postoperative management of CTS. Future research may be needed to determine if therapeutic interventions to reduce sensitization will decrease the risk of pillar pain.
